Objective: To test the hypothesis that women with posttraumatic stress disorder (PTSD) have greater salivary cortisol levels across the diurnal curve and throughout gestation, birth, and the postpartum period than women who do not have PTSD.
erinatal outcomes are indicative of the health of a society's population (Allen, 2008; Risnes et al., 2011) . Maternal psychosocial stress has been implicated as one of five pathways to the adverse perinatal outcome of premature birth (Green et al., 2005) . It is also associated with lower birth weight (Shannon, King, & Kennedy, 2007) and is a risk factor in the fetus for early lifespan morbidity and mortality (Reynolds, Labad, Buss, Ghaemmaghami, & Raikkonen, 2013) . Biological mediators of social determinants of health, including psychosocial stressors, are a priority focus for research to redress preterm birth (Lackritz et al., 2013) .
Posttraumatic stress disorder (PTSD) is a severe form of psychological stress that affects 8% of pregnant women (Seng et al., 2010) . However, PTSD has only recently been studied in relation to perinatal outcomes. Recent studies in large prenatal clinic samples showed significant associations of PTSD with preterm birth or shorter gestation, especially in current as opposed to lifetime remitted PTSD, PTSD with depression (Seng, Low, Sperlich, Ronis, & Liberzon, 2011; Shaw et al., 2014; Yonkers et al., 2014) , and PTSD that is subsequent to childhood maltreatment (Seng et al., 2011) or military sexual trauma (Shaw et al., 2014) .
With the release of the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association, 2013), a diagnosis of PTSD may include a dissociative subtype characterized by altered perception of the environment in the form of derealization or depersonalization. In an epidemiologic analysis of 25,000 adults across 26 nations, 14.4% of those with PTSD fit the dissociative subtype classification (Stein et al., 2013) . Dissociation has been associated with more severe PTSD that is diagnosed earlier in the lifespan and is associated with a greater number of lifetime trauma exposures, including history of childhood maltreatment or cumulative adverse childhood experiences (Liotti, 2004; Shonkoff et al., 2012; Stein et al., 2013) . Thus, dissociation is an important indicator of severity and chronicity. It also may be a more proximal predictor of shorter gestation than the previously identified risk factor of childhood maltreatment (Seng et al., 2011) .
Researchers of the specific physiology of the dissociative subtype of PTSD showed a phenotype that appears to have different patterns of emotion dysregulation (Lanius et al., 2010) . Although this is not an analysis of the DSM-5 dissociative subtype per se, researchers in one recent study distinguished a phenotype in women with PTSD and early-life trauma that was characterized by dissociative symptomatology and blunted cortisol reactivity (Zaba et al., 2015) . Another group of researchers studied cortisol in women with PTSD and childhood sexual abuse and found blunted cortisol reactivity and greater basal levels (Schalinski, Elbert, SteudteSchmiedgen, & Kirschbaum, 2015) . An earlier study team distinguished a dissociative disorder phenotype from PTSD that was based on elevated basal cortisol levels and blunted reactivity (Simeon et al., 2007) . Together, evidence from these studies indicates that exposure to the early relational trauma that predisposes a person to dissociation and PTSD may affect that individual's short-and long-term cortisol patterns.
Because in utero elevations in hypothalamicpituitary-adrenal (HPA) axis hormones are associated with adverse perinatal outcomes (Green et al., 2005) , slower infant mental development (Davis & Sandman, 2010) , and adverse consequences to lifespan health (Reynolds, 2013) , cortisol is an important biomarker for perinatal and developmental research. Data about the effects of PTSD on the HPA axis in pregnant women are very limited. In a recent study on cortisol levels in women at 21 and 34 weeks gestation that was focused on depression but entered trauma history and PTSD as covariates, researchers found no evidence to indicate an effect of PTSD after depression was taken into account (O'Connor et al., 2014) . One recent study of gestational cortisol levels in women's hair showed effects of childhood abuse in one analysis (Schreier, Enlow, Ritz, Gennings, & Wright, 2015) and cumulative trauma in another (Schreier et al., 2016) . Depression and PTSD were covariates used to adjust the model in the latter analysis, but the researchers did not report the relative effects. The dissociative subtype of PTSD, a new diagnosis in 2013 (American Psychiatric Association, 2013), requires investigation in perinatal research.
Our objective was to contribute to the literature on perinatal psychosocial stress by describing cortisol levels across the diurnal curve for 1 day in the first half of pregnancy and across the longitudinal gestational curve, including time points during pregnancy, birth, and the postnatal period, in women with PTSD, including a subset with the dissociative subtype. We examined four cohorts: a nonexposed control group, a resilient trauma-exposed control group, a group with PTSD (PTSD-only), and a group with the dissociative subtype of PTSD (PTSD-D). Our hypotheses were that (a) women with PTSD have greater diurnal levels of cortisol and (b) these greater levels of cortisol persist across gestation and the postnatal period. We further hypothesized that women with the dissociative subtype would have the greatest levels of diurnal and gestational cortisol.
Methods

Design and Setting
This prospective, ecological study of diurnal and gestational salivary cortisol profiles was a biobehavioral component of a larger clinical cohort study of the effect of PTSD on childbearing outcomes in a community sample of women in prenatal care. The parent study is the Stress, Trauma, Anxiety, and the Childbearing Year (STACY) Project (NIH R01 NR008767, J. S. Seng, principal investigator). The STACY Project took place in prenatal clinics at three academic health systems in Michigan. Institutional review boards approved the study at all three sites.
Participants
In the parent clinical study, investigators recruited a convenience sample designed to be generalizable to community prenatal clinic populations. The women invited to the biobehavioral component were recruited from the parent study sample. For participation in the parent study, eligible women were at least 18 years of age, spoke English, were expecting their first infants, and initiated prenatal care at less than 28 weeks gestation. Maternity clinic nurses invited eligible women to participate in a survey interview about "stressful things that happen to women, emotions, and pregnancy," and 1,581 women completed the diagnostic interview (Seng, Low, Sperlich, Ronis, & Liberzon, 2009 ). Of these, 1,049 fit a parent study cohort definition and were enrolled. The parent study cohorts included a lifetime PTSD group; a trauma-exposed, PTSD-negative control group; and a nonexposed control group.
For the biobehavioral component, all women enrolled for follow-up were then invited to participate in a single day of salivary cortisol specimen collection for a diurnal component to test Hypothesis A. Women were invited to participate in the longitudinal component to test Hypothesis B if they returned specimen kits; adhered to the timing instructions; and reported no medication use, no smoking, and no endocrine disorders. Enrollment for the longitudinal profile analysis continued until a target sample of 135 was reached.
Variables
The primary explanatory variable for the study was the four-level cohort variable: the trauma-exposed control group, the nonexposed control group, and two groups with participants who experienced PTSD (PTSD-only and PTSD-D). The participants in the PTSD-only group met lifetime DSM-IV criteria (American Psychiatric Association, 1994) , and the participants in the PTSD-D group also indicated presence of depersonalization and/or derealization consistent with the DSM-5 dissociative subtype definition (American Psychiatric Association, 2013). The cortisol diurnal profile included morning, late afternoon, and bedtime cortisol levels. The longitudinal profile repeated the same diurnal timing at targeted Prenatal Weeks 16, 20, 24, 28, 32, 36, 38 , and 40, Postnatal Day 1, and Postnatal Weeks 2, 4, and 6. PTSD is often co-occurrent with other factors known to affect cortisol levels and that also are implicated in preterm birth. These confounding factors include depression, sociodemographic factors, and smoking. In studies of cortisol in pregnancy, it is important to control for gestational age in comparisons of cortisol levels in women at different weeks of gestation, because in descriptive studies, researchers showed that cortisol levels rise across gestation (D'AnnaHernandez, Ross, Natvig, & Laudenslager, 2011) . Thus, covariates in the diurnal and longitudinal analyses included depression, smoking, and an index of cumulative sociodemographic risk factors as a proxy for chronic stress. The diurnal profile model also considered gestational age as a confounder.
Data Sources and Measurement
Cortisol procedures. Data from our pilot work informed decisions about the protocol for collection of the saliva specimens (Seng, Low, BenAmi, & Liberzon, 2005) . We used the minimal protocol needed to define the diurnal curve to maximize participation of a generalizable sample, with the morning (7 a.m. to 9 a.m., on awakening), late afternoon (4 p.m. to 6 p.m., before supper), and evening (10 p.m. to midnight, bedtime) time points. With Salivette tubes (Sarstedt, Newton, New Jersey) we mailed a health checklist to query for acute illness, medication use, and metabolic disorders that we then used to exclude women during the analysis phase. We included an illustrated instruction sheet that was also an adherence checklist to record the time of day and note smoking and eating in the 30 minutes before saliva collection. These procedures were consistent with other community sample studies that used ecologically collected saliva specimens for cortisol (Young & Breslau, 2004) .
Participants mailed specimen kits to the laboratory in padded, pre-addressed, postage-paid envelopes. We logged and froze these at À80 C until assay. We conducted a radioimmunoassay in triplicate with the use of the Coat-a-Count kit (Diagnostic Products Corporation, Los Angeles, California). Intra-and interassay coefficients of variance were less than 5% and 10%, respectively. We created variables for the cortisol values in natural units (log-transformed).
Standardized telephone diagnostic interview data.
Female interviewers with project-specific training conducted standardized telephone diagnostic interviews, and supervisors audited these interactions for quality across the life of the study. We reimbursed participants $25. We used established measures for psychiatric characteristics, including the Life Stressor Checklist (Wolfe & Kimerling, 1997) , which includes queries for 30 types of potentially traumatic events, to determine trauma exposure. The National Women's Study PTSD Module (NWS-PTSD) was validated in a primarily clinical sample of 528 women during the DSM-IV PTSD Field Trial (Kilpatrick et al., 1994) . The NWS-PTSD module was validated against the Structured Clinical Interview for DSM-IV and attained a sensitivity of .99 and specificity of .79 (Resnick, Kilpatrick, Dansky, Saunders, & Best, 1993) . In our sample of 395 participants, the internal consistency alpha for the NWS-PTSD was .91, and in the sample of 111 participants it was .93.
Psychological dissociation was measured with the eight-item Taxon version of the Dissociative
Experience Scales (DES-T; Waller, Putnam, & Carlson, 1996) . The developers assessed this shortened version's discriminant validity as a screening tool and found sensitivity of .80 and specificity of .80 (Waller et al., 1996) . We modified the DES-T for telephone use with a response set of never, rarely, sometimes, often, and all the time. Participants were included in the PTSD-D group if they answered sometimes or more frequently to any of the three depersonalization and derealization items. In our sample of 395, the internal consistency was .78, and in the sample of 111 it was .73.
We measured diagnosis of depression in the past year with the Composite International Diagnostic Interview, a structured psychiatric diagnostic interview designed to be used by lay interviewers. Its efficacy for diagnosis is supported by extensive field trial data on cross-national reliability and validity (Wittchen, 1994) .
We used demographic and smoking items from the Centers for Disease Control and Prevention's Perinatal Risk Assessment and Monitoring Survey (Beck et al., 2002) that have been fielded across the United states since 1987. We summed African American race, being pregnant as a teen, having low education, living in poverty, and living in a zip code with greater rates of crime to obtain a 0 to 5 index as a proxy for sociodemographic risk or stress. We classified a participant as a smoker if she continued to use one or more cigarettes per day after she became aware of her pregnancy. Although only women who we believed to be nonsmokers were enrolled for the longitudinal study, a small number of participants (n ¼ 6) indicated on the specimen procedure checklist that they smoked that day, so we also classified them as smokers.
Medical record information. We calculated weeks of gestation on the basis of the expected date of birth determined at the first prenatal visit. Postnatal days and weeks were based on the actual infant birth date.
Sample sizes. For Hypothesis A, the single-day, diurnal component, we included every woman who accepted the invitation to participate (N ¼ 449), and, after we eliminated those at gestational age greater than 25 weeks and those with metabolic diseases and medication use, our sample size was 395. For Hypothesis B, the longitudinal component, we estimated sample size (N ¼ 135) on the basis of our pilot data (Seng et al., 2005) to have a power greater than 80% at an alpha of .05 with the use of repeated measures. We retained 111 participants who provided specimens from the prenatal to the postnatal period.
Statistical analysis. Preliminary steps in the analysis included examination of the missing data. In the single-day component to test Hypothesis A, there were 80 instances in which the cortisol assay values were less than the 0.003 mg/dl limit of detection of the assay. Because the interval for the undetectable region is small (0 to .003) and the proportion of specimens was small, we imputed the undetectable values with the limit of detection value. We maintained this procedure in the longitudinal study component.
The cortisol data included a small proportion of instances in which the assay values were less than the limit of detection (0.003 mg/d), so we substituted this value (Croghan & Egeghy, 2003) . Cortisol values followed log-normal distribution, so we examined descriptive data in natural units but used the log-transformed values to test and model the hypotheses. To test Hypothesis A, we used generalized estimating equations (GEEs) to consider the withinindividual correlations of repeated-measures cortisol values (Ziegler, Kastner, & Blettner, 1998) . We modeled the log-transformed cortisol levels using cohort, time of day, and (Cleveland & Loader, 1996) was used to display smooth curves for cortisol levels at different time points for the four cohorts. The LOESS smooth plot showed that 34 weeks was a break-point for the trend of cortisol levels. Therefore, we partitioned the data into two sets (before or after 34 weeks) and analyzed them separately. We used GEEs to model the log-transformed cortisol levels by use of cohort, gestational week of specimen collection, and their interactions (see Supplemental Table S1 ). In addition, depression, smoking during pregnancy, and cumulative sociodemographic risk index were included as covariates. A p value of less than .05 was interpreted to be significant.
Results
Sample for Hypothesis A
Participants returned cortisol kits at a rate of 43% (449 of the 1,049 women enrolled for followup). In the single-day, diurnal component to test Hypothesis A, we included the 395 participants who remained after we eliminated 2 who had metabolic disorders, 9 who used corticosteroids or psychotropic medications, and 54 who returned specimens collected after 25 completed weeks of gestation. In this sample, the participants' mean gestational week at the time of the This sample of 395 women (see Table 1 ) had a diverse, relatively low, socioeconomic status profile, and 33% were African American. Nineteen percent had histories of childhood maltreatment. A total of 27% had PTSD: 15% had PTSD-only and 12% had PTSD-D.
Results for Hypothesis A
In the single-day diurnal component (see Figure 1 ), after we adjusted for smoking, depression, cumulative sociodemographic risk index, and gestational age, we did not detect significant effects of group assignment, time of day, or their interactions on the log-transformed cortisol levels. However, we found smoking and gestational age had significant effects on the logtransformed cortisol levels.
Sample for Hypothesis B
A smaller subset of participants correctly followed the procedures in the single-day process and agreed to submit saliva specimen kits up to 12 times (see Table 1 ). These participants were more likely to be White, to be living in poverty, and to have more than a high school education compared with those in the sample for the singleday component. Childhood maltreatment was experienced by 19% of these participants, and PTSD was present at a greater rate: 30% had PTSD-only and 7% had PTSD-D. On average, they returned a mean of 8.75 (range ¼ 4 to 13) morning and bedtime specimens and 8.50 (range ¼ 3 to 13) afternoon specimens.
Results for Hypothesis B
We plotted the longitudinal gestational curves for morning, late afternoon, and bedtime (see Figure 2 ). For all four cohorts, the LOESS smooth plot showed that the cortisol levels increased up to 34 weeks gestation and then decreased during the afternoon and bedtime. However, in the morning, the cortisol levels remained constant before 34 weeks gestation and then decreased slightly after that. The PTSD-D cohort had the highest and flattest cortisol curves from early gestation to 6 weeks postpartum. The differences between the PTSD-D and nonexposed cohorts were greatest at afternoon and bedtime. During late gestation, the differences were smaller because all cohorts demonstrated the physiologic gestational cortisol rise.
The GEE models showed that participants in the PTSD-D group had significantly greater morning, afternoon, and bedtime cortisol levels than did participants in the nonexposed control group before gestational week 34 in all adjusted models. The PTSD-only group was not significantly different from the other groups. After gestational week 34, adjusted models of between-group comparisons (see Supplemental Table S2 ) showed no Cortisol in Women With PTSD and Dissociative Subtype significant differences in morning, afternoon, or bedtime cortisol levels and no significant group membership by week interactions.
To quantify the extent of the differences for participants in the PTSD-D group at various weeks, we conducted an additional calculation from the GEEs (see Supplemental Table S3 ). The log-transformed cortisol levels were retransformed by exponentiation. In early pregnancy (Gestational Week 8), the cortisol levels of participants in the PTSD-D group were 2 times greater in the morning, 8 times greater in the afternoon, and 10 times greater at bedtime than those of the participants in the nonexposed control group, whereas in late pregnancy (Gestational Week 32), participants in the PTSD-D group had cortisol levels that were less than 2 times greater in the morning and 1.5 times greater levels in the afternoon and at bedtime compared with participants in the nonexposed control group.
Discussion
With this biobehavioral component of the STACY Project, we have begun to fill a gap in knowledge of the longitudinal pattern of cortisol across the prenatal and postnatal periods for women with PTSD, including specific results related to the dissociative subtype of PTSD. Our main finding was that participants with PTSD-D, and not those with nondissociative PTSD or trauma, had higher and flatter levels of cortisol during early gestation and into the early postpartum period. For participants in the PTSD-D group, the difference was most apparent in early gestation, which is a critical period. An elevated cortisol level has been identified as a risk factor for preterm birth by direct effect on onset of labor and indirect effect on inflammatory processes (Green et al., 2005) . The perinatal outcomes of the parent study, published in 2011 (Seng et al., 2011) , showed that lifetime PTSD, and even more so, PTSD associated with childhood maltreatment, were predictive of lower birth weight and shorter gestation. Dissociation is often present in PTSD as a sequela of childhood maltreatment (Stein et al., 2013) and may be a marker of severity and chronicity (Liotti, 2004) , and it may also be a marker of severe stress in pregnancy.
Strengths of this study include the prospective cohort design; the diverse sample, which is large for a biobehavioral study; and the use of established measures to characterize trauma history, PTSD, depression, and dissociation. Furthermore, this was a community sample rather than a psychiatric sample of women who become pregnant; therefore, findings are highly generalizable. Some limitations should also be considered. We attempted to exclude smokers, but 6 of the 111 women disclosed smoking during at least 1 day, and this may have increased cortisol levels; thus, we controlled for smoking. Our specimens were collected at home and sent by mail; therefore, they have greater ecological validity but may have greater error variance than specimens collected in the laboratory. We used lifetime PTSD diagnosis, past-year depression, and dissociation measured as a trait. Current mental health symptom load or diagnoses may show stronger associations.
Our findings have numerous implications for further research. First, our finding that participants with PTSD-D had greater levels of cortisol than did participants with PTSD-only indicates that in the future, researchers should attend to women with the dissociative subtype and distinguish them from those with PTSD-only. Second, the greatest variation in cortisol levels associated with PTSD-D was in early gestation. Investigators should include specimens from early pregnancy before the physiologic gestational increase in cortisol to observe maximum effect sizes. Third, with regard to the finding that dissociation may lead to increased biological stress, the question arises of whether this is a characteristic of an individual woman. An alternative explanation is that psychosexual aspects of pregnancy act as triggers to dissociative symptoms in survivors of childhood maltreatment in particular and result in persistent, enhanced stress reactivity across gestation that is specific to a woman's experience of pregnancy (Montgomery, 2013; Seng et al., 2009) . Perinatal studies of reactivity to a stressor or trigger (e.g., internal pelvic examination) could help answer this question and indicate whether the usual blunted reactivity to stress in pregnancy is observed in this group (Schalinski et al., 2015; Zaba et al., 2015) . Fourth, in the perinatal outcomes study of veteran women by Shaw et al. (2014) , PTSD in pregnancy and history of military sexual trauma were predictive of shorter gestation. Military sexual trauma has been associated with greater than representative rates In early pregnancy, cortisol levels in participants in the dissociative subtype group were 8 times greater in the afternoon and 10 times greater at bedtime than those in participants in the nonexposed control group.
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of childhood maltreatment trauma (Kelly, Skelton, Patel, & Bradley, 2011 ).
Future research also should be designed to determine whether dissociation in particular or cumulative childhood and adult trauma; psychiatric symptom burden from complex comorbidities, including depression; and the stress of adverse life circumstances that accompany these together exert a toxic stress influence on a woman (Shonkoff et al., 2012) .
Finally, studying maternal cortisol levels is a starting point, but other HPA axis components more specific to pregnancy should be considered, including placental corticotrophin-releasing hormone, which was elevated in childhood maltreatment survivors (Moog et al., 2015) . Studies of the other stress-response systems that are affected by the HPA axis and associated with childbearing outcomes also warrant study, especially the oxytocin system (Teicher et al., 2003) .
Our results have clinical practice implications, especially because these biological findings are consistent with reports from clinical and qualitative studies. Since the first narrative reviews and case reports emerged in the early 1990s, researchers have suggested that childhood maltreatment; the sociodemographic disadvantage and risk exposures associated with it, including repeat victimization; and the substantial burden of mental health sequelae all affect women's childbearing experiences. There is mounting evidence to suggest that these affect a range of childbearing outcomes as well (Sperlich, 2015) . The conceptualization of toxic stress is becoming shared across health disciplines because the public health cost is so high (Shonkoff, et al., 2012) . For perinatal nurses, midwives, obstetricians, and other members of the perinatal care team, focus on childhood maltreatment history and complex posttraumatic sequelae is part of renewed attention to psychosocial care as a means to improve individual and population outcomes (Renfrew et al., 2014) . Trauma-informed approaches to care and trauma-specific interventions are being developed for perinatal care (Cuthbert, 2015) .
Although some women with histories of childhood maltreatment are resilient or recovered by the time they become pregnant, these biological findings indicate that some are very adversely affected psychologically and very stressed during the childbearing year. We can screen and apply a stepped approach to maternity care that includes case-finding and interventions for women with PTSD, posttraumatic depression, and PTSD-D. The stakes are high, the reasons are compelling, and theoretical, qualitative, and service delivery elements are emerging to advance the field in this direction.
Conclusions
We observed very high, perhaps toxic, levels of the stress hormone cortisol in a community sample of pregnant women with the dissociative subtype of PTSD. This complex form of PTSD in adults is strongly associated with history of childhood maltreatment. Knowledge that childhood maltreatment (and other adverse childhood experiences) causes toxic stress is rapidly increasing in public health and pediatrics fields because these experiences have been convincingly linked with disease across the lifespan (Shonkoff et al., 2012) . Our data are important because the developmental origin of disease theory (Reynolds, 2013) and research also links high stress and cortisol levels in the fetal environment with preterm birth (Latendresse, 2009) and early morbidity and mortality . Further research is warranted because PTSD-D-related toxic stress during pregnancy could potentially be mitigated to improve a woman's perinatal mental health and the intrauterine environment.
